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在室内实验条件下将褐菖鲉(Sebastiscus marmoratus)置于含 0 号柴油水溶性
成分(diesel oil soluble fraction, DWSF)的海水中，浓度分别为0.02、0.1和0.5 mg/L。
每天更换一半相同浓度的海水，并于暴露后第 0、7、28、84 d 以及解除污染成





等 PAHs 对褐菖鲉胚胎及仔鱼发育各项指标的影响。探讨 DWSF 对褐菖鲉生殖及
早期发育的影响和可能的作用机制。 
1. 观察了低浓度长期的 DWSF 暴露后褐菖鲉 PAHs 代谢与肝脏解毒酶之间
的关系。结果显示，PAHs 典型代谢物的含量和肝脏两种解毒酶 EROD、GST 的









3．将褐菖鲉胚胎分别暴露于梯度浓度的 Ph，Py 和 BaP 培养液中，观察发
现暴露组胚胎 24 h 死亡率升高、胚胎和仔鱼心率下降、发育时间延缓、孵化率
降低、仔鱼的畸形率升高。PAHs 引发的胚胎和仔鱼的毒性效应基本上随暴露浓
度的升高而升高，并随其结构中苯环数的增加有增强趋势。结果中 MDA 含量增
加显示这几种 PAHs 暴露对仔鱼产生了氧化胁迫，GSH 含量的增加及 GST 活力



































In experimental condition, Sebastiscus marmoratus were exposed to diesel oil 
soluble fraction (DWSF) at concentrations of 0.02, 0.1, 0.5 mg/L. Samples were taken 
after exposure for 0, 7, 28, 84 days and transferred to recovery tank for 7, 28 days, 
respectively. Hepatic EROD, GST activities, content of GSH and biliary PAHs 
metabolites were detected to investigate possible influence on hepatic detoxifcation 
system. Effects on reproductive potential of the fish were studied by detecting sex 
hormone levels in serum and gonad, and vitellogenin (VTG) content in serum. 
Fertilized eggs were exposed to pyrene (Py), phenanthrene (Ph) and benzo(a)pyrene 
(BaP) at concentrations of 0.01, 0.1, 1 and 10 μg/L，to study effects of polycyclic 
aromatic hydrocarbons (PAHs) on embryos and larvae of S. marmoratus. Early life 
stage test indices included mortality, malformation rate, heart beat rate, hatching time, 
important enzymes activities, and so on. The results showed: 
1. DWSF exposure influenced hepatic detoxifying enzymes activities in       
S. marmoratus. Contents of biliary PAHs metabolites were elevated, and the activities 
of EROD and GST were both induced by DWSF. The enzymes activities may be 
altered by the defense mechanism of the fish. EROD activities increased firstly and 
decreased subsequently, which suggested a compensatory or adaptive mechanism 
occurrence in chronically exposed to the populations. 
2.There was little change in gonad morphology and gonadosomatic index (GSI) 
after exposed to the concentrations of DWSF for 84 days. It was observed that 17β– 
estradiol content of spermary and VTG content of serum were increased in the male 
fish. Increase of 17β–estradiol content in serum should be responsible for the increase 
of VTG content. Sex hormone level was declined at the same time in the female fish, 
which will do harm to the development and mature of ovum. All indices suggested 
that DWSF exposure had brought reproductive toxic effect, especially caused 
estrogenic effect to male S. marmoratus. 
3. PAHs caused toxic effect on early life stages of S. marmoratus. Embryos were 















embryos increased after exposed to PAHs for 24 hours, descent of heart beat rate and 
hatching rate, delay of the growth, increase of the larvae malformation rate were 
observed. The results showed that the toxicities were correlated with the concentration 
of PAHs and had a tendency of enhancement toxicity with increase in number of the 
benzene rings. Increase of MDA content suggested that PAHs caused oxidant stress to 
larvae. GSH content and GST activity were also increased, which indicted that PAHs 
exposure caused sensitivity response to antioxidant defense system of the larve.Early 
life stages of fish could be widely used to evaluate marine pollutions for its highly 
feasibility and sensitivity.  
 
















目  录 




1 鱼类生殖过程................................................................................................. 3 
2 鱼类生殖机能评价......................................................................................... 4 
3 石油污染对鱼类生殖机能影响及其机制的研究现状................................. 6 
四、石油污染对鱼类早期发育影响........................................................................ 6 
1 鱼早期发育实验............................................................................................. 7 
2 有机污染物对鱼早期发育阶段的影响......................................................... 8 
3 石油对鱼早期发育阶段的影响研究现状..................................................... 9 
五、研究的目的、意义和主要内容...................................................................... 10 
第二章 材料和方法 ...................................................................................11 
一、仪器及试剂...................................................................................................... 11 
1 实验仪器........................................................................................................ 11 
2 常用试剂....................................................................................................... 11 
二、污染实验.......................................................................................................... 11 
1 DWSF 水体暴露实验 ................................................................................... 11 
2 早期发育实验（Early life stage test, ELST） ............................................ 12 
三、生化和分子分析.............................................................................................. 13 
1  性腺成熟系数(GSI)的测定 ....................................................................... 13 
2  胆汁中 PAHs 典型代谢物的测定 ............................................................. 13 
3  肝脏代谢酶活力测定................................................................................. 13 
4  性激素水平的测定..................................................................................... 14 
5  血清 VTG 酶联免疫吸附实验 .................................................................. 14 
6  组织切片的制作与观测............................................................................. 15 















四 蛋白质浓度的测定............................................................................................ 16 
五 数据处理............................................................................................................ 16 
第三章 结果 ...............................................................................................17 
一、胆汁中 PAHs 典型代谢物的含量测定 .......................................................... 17 
二、肝脏代谢活力.................................................................................................. 18 
1  EROD 酶活力............................................................................................. 18 
2  GST 活力 .................................................................................................... 19 
3  GSH 含量测定............................................................................................ 20 
三、DWSF 暴露对雄性褐菖鲉性激素和 VTG 水平的影响 ............................... 21 
1  对雄性褐菖鲉血清睾酮含量影响............................................................. 21 
2  对雄性褐菖鲉血清 17β－雌二醇含量影响.............................................. 22 
3  对雄性褐菖鲉精巢睾酮含量的影响......................................................... 22 
4  对雄性褐菖鲉精巢 17β－雌二醇含量的影响.......................................... 23 
5  对雄性褐菖鲉血清 VTG 水平的影响 ...................................................... 24 
四、DWSF 暴露对雌性褐菖鲉性激素和 VTG 水平的影响 ............................... 25 
1  对雌性褐菖鲉血清睾酮含量影响............................................................. 25 
2  对雌性褐菖鲉血清 17β－雌二醇含量的影响.......................................... 26 
3  对雌性褐菖鲉卵巢睾酮含量影响............................................................. 27 
4  对雌性褐菖鲉卵巢 17β－雌二醇含量影响.............................................. 28 
5  DWSF 对雌性褐菖鲉血清 VTG 水平的影响 .......................................... 28 
五、性腺成熟系数.................................................................................................. 30 
六、性腺组织形态学观察...................................................................................... 31 
七、PAHs 对褐菖鲉早期发育的影响 ................................................................... 33 
1  褐菖鲉胚胎发育及畸形情况观察............................................................. 33 
2  PAHs 对胚胎发育的影响 .......................................................................... 36 
3  PAHs 暴露对仔鱼酶活力的影响 .............................................................. 43 
第四章 讨论 ...............................................................................................46 
一、 DWSF 在鱼体内的代谢 ............................................................................... 46 















1  DWSF 暴露对褐菖鲉肝脏 EROD 酶活力的影响.................................... 47 
2  DWSF 暴露对褐菖鲉肝脏 GST 酶活力的影响 ....................................... 48 
3  DWSF 暴露对褐菖鲉肝脏 GSH 含量的影响 .......................................... 48 
三、DWSF 暴露对褐菖鲉的内分泌干扰作用 ..................................................... 49 
1  DWSF 暴露对雌性褐菖鲉的内分泌干扰作用 ........................................ 49 
2  DWSF 暴露对雄性褐菖鲉的内分泌干扰作用 ........................................ 50 
四、对褐菖鲉性腺显微结构的影响...................................................................... 51 
五、PAHs 对早期发育影响 ................................................................................... 52 
1 对各项发育指标的影响............................................................................... 52 
2 对仔鱼酶活力影响....................................................................................... 54 
第五章 结论 ............................................................................................................... 56 
研究展望 ...................................................................................................................... 57 
参考文献 ...................................................................................................................... 58 



















CHAPTER 1 INTRODUCTION.......................................................................1 
Ⅰ Effects of oil pullutions to marine livings. .....................................................1 
Ⅱ The metabolism and toxic mechanism of oil in fish......................................2 
Ⅲ Effects of oil on fish’s reproductive functions ...............................................3 
1  The reproduction and endocrinology on fish..............................................3 
2  Estimates for fish reproductive functions ...................................................4 
3  Effects of oil pollutions on fish’s reproduction ..........................................6 
Ⅳ Effects of oil pollutions on early life stage of fish..........................................6 
1  Early life stage test (ELST) ........................................................................7 
2  Effects of organic pollutions on ELS of fish ..............................................8 
3  Effects of oil pollution on ELS of fish status in quo ..................................9 
Ⅴ Research objectives........................................................................................10 
CHAPTER2 MATERIALS AND METHODS ........................................... 11 
Ⅰ Instruments and reagents.............................................................................. 11 
1  Experiment instruments ............................................................................ 11 
2  Common reagents ..................................................................................... 11 
Ⅱ Exposure experiments ................................................................................... 11 
1  DWSF exposure experiments ...................................................................11 
2  ELS exposure ............................................................................................12 
Ⅲ Biochemical and molecular analysis ............................................................13 
       1  Analysis of GSI in Sebastiscus marmoratus                      13 
2  Analysis of biliary PAHs metabolites in S.marmoratus ...........................13 
3  Analysis of metabolic enzyme activity in S.marmoratus .........................13 
4  Analysis of sex hormone level in S.marmoratus ......................................14 















6  Gonad Histology .......................................................................................15 
7  ELS tests on S.marmoratus.......................................................................15 
Ⅳ  Protein measurement..................................................................................16 
Ⅴ  Statistical anaylsis .......................................................................................16 
CHAPTER 3  RESULTS..................................................................................17 
Ⅰ Analysis of biliary PAHs metabolites in S. marmoratus .............................17 
Ⅱ Analysis of hepatic metabolic activitis in S.marmoratus.............................18 
1  Analysis of EROD activities in S. marmoratus ........................................18 
2  Analysis of GST activities in S. marmoratus ...........................................19 
3  Analysis of GSH contents in S. marmoratus ............................................20 
Ⅲ Analysis of sex hormone and VTG contents in male S.marmoratus ..........21 
1  Analysis of testosterone content in male S.marmoratus serum       21 
2  Analysis of 17β-estradiol content in male S.marmoratus serum ..............22 
3  Analysis of testosterone content in S.marmoratus spermary....................22 
4  Analysis of 17β-estradiol content in S.marmoratus spermary..................23 
5  Analysis of VTG levels in male S. marmoratus serum ............................24 
Ⅳ Analysis of sex hormone contents and VTG levels in female S.marmoratus
..............................................................................................................................25 
1  Analysis of testosterone content in female S.marmoratus serum .............25 
2  Analysis of 17β-estradiol content in female S.marmoratus serum ...........26 
3  Analysis of testosterone content in S.marmoratus ovary .........................27 
4  Analysis of 17β-estradiol content in S.marmoratus ovary .......................28 
5  Analysis of VTG levels in female S.marmoratus serum ..........................28 
Ⅴ Analysis of GSI in S. marmoratus                                30 
Ⅵ Analysis of DWSF on Gonad histology of S . marmoratus .........................31 
Ⅶ Analysis of PAHs on ELS of S. marmoratus ................................................43 
CHAPTER 4  DISCUSSION..........................................................................46 















Ⅱ Effects of DWSF exposure on metabolic activities in S. marmoratus........47 
1  Effects of DWSF on EROD activities in S. marmoratus..........................47 
2  Effects of DWSF on GST activities in S. marmoratus .............................48 
3  Effects of DWSF on GSH contents in S. marmoratus..............................48 
 Ⅲ Endocrine disruptive effect of DWSF exposure on S. marmoratus ...........49 
       1  Endocrine disruptive effect of DWSF exposure on male S. marmoratus.49 
2  Endocrine disruptive effect of DWSF exposure on female S. marmoratus          
..............................................................................................................................50 
     Effect of DWSF exposure on gonad histology in Ⅳ S. marmoratus       51 
Ⅴ Effect of PAHs on ELS of S. marmoratus                          52   
CHAPTER 5 CONCLUSIONS........................................................................56 
PERSPECTIVES ..................................................................................................57 
REFERENCE.........................................................................................................58 
THE PAPERS PUBLISHED AND THE SUBJECTS ATTEND IN 














第一章  前言 
- 1 - 















据 2000 年国家海洋局公布的中国海洋环境质量公报显示,2000 年我国海水中
油类含量超过国家 1 类（0.05 mg/L）、2 类海水水质标准（0.30 mg/L）的海域
仍有 5. 6 ×10 4 km2。沿海省份中河北、天津、福建、浙江、上海的油污染较重，
烟台近岸、湄州湾、厦门近岸重点海域的含油量已超过 2 类海水水质标准[4]。
调查表明我国每年排入大海的石油达 11.5 万吨，并呈增长趋势，近海海域石油
的平均浓度已达到 0.055 mg/L[5]。 
石油中造成水体污染的主要成分是各种烃类化合物－烷烃、环烷烃、芳香
烃等，它的毒性取决于这些组分的性质及其分散程度。其中芳香类化合物的毒

















- 2 - 
之一，能够在海洋生物特别是底栖生物组织和器官中聚集起来，缓慢而长期地




的含量为1 mg/L或溶于水的石油组分的含量为1 μg/L 时，就能对敏感生物产生危
害[7]。国内外关于石油影响鱼类生理生化过程的已有很多报道[8
－11]，如研究表明
胜利原油对真鲷（Pagrasomus major）、牙鲆（Paralichthys olivaceus）及黑鲷（Sparus 
maerocephalus）仔鱼的48 h LC50 分别为6.4，13.7 和10.7 mg/L，对牙鲆仔鱼和
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1   鱼类生殖过程 
硬骨鱼生殖周期是复杂且高度协调的，依赖于垂体的综合活性。生殖是性









与污染物的作用已得到证实，有些杀虫剂和重金属(Pb 和 Hg) 能抑制下丘脑分
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